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ceasist of very cxtensive herizents! shrots within shich the physics? and chenics! 


Propeyvtics sve as lepercivre, smu speed, salinlir, oxygen content, ¢ie., are 


neatly the sane. Sotesnd snoid inereuses usth iuerezsing texperstaure, salisity 
and pressure so thet, aticy things being emai, bigh tecporatiure, igh salinity 


end hish pressure fuchies high sound speci. In Ncditersmese vinier, most ¢f 
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Ct bie : 


the se>, excep! fer lie siicesteri: pert, Is wosriy Une sare tcenereture, top 


fo hottes, clese te 35 desrecs ceatiarod- S8.4°F). Thus, sound sngee jrcrenses 
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reariy unifersiy fron surfece to bettie. Sound paths from = source at sur 
Weontiz sre hese tre ory F Joa “ound Pay Ee ta ti Arnage 
eopte sre kent tevaryd the recic: csi sound sneod, the surisce. Theze they 


fre yeriecied ind continuc felloving prihs thet are appruxiczicly sepeenis of 
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Fiscee t-G. Successive Surgece EeTectiises - & tyederk edited ranean sist 
Feth in the vinicr. (1) ‘ 


Gi} as smmd trave}s throup: the eater, sore enersy is ebhsoried iy the 
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Ester Fteelf, and sor is reambaiv scartered by neterial distributed throurhout 


the unter, These io effects, which selde> can he seperated, very vith freaurncy. 
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ATTENUATION COFFICIENTS (d8/xy¢) 
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Figure 4-7. Sound Attciuction. (0) 


(8) The Joss of acoustic creyey at lox frequencies on reflection fren 


the surfece is Very sunt), while thet frez the bottes: cam be frou @ to vel? 


over 88.. The contrition te the Feecived intensity hy hetiow reflected Sound 


Varies cidely. The bette: reficction Isss is Rrestest thea the hottie: is reanh 


er 3s cexpoced of soft mal. Loss jx #Ise hish over = reck s Face, ssmoth or 


rough. The Jezst Joss SPATS LO Yesult Teme resFlection fro: 2 sooth sandy 


sea fear, In any case surface losses are fess than hattce losses exeent under 
enusenlly sterzy contitions. the angie at which the soumid stsikes tie bot toc: 

3 
affects the Joss as vel! 


sutilesi: Entities: fess MESEENRS Base over a vere larve Gcean area Including 
- ae cy 
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the S. ditesesman hese bela divided Ente § clesste sccurding fo belien Juss. 


ee ; saetedye rr te eq : ee want. 2 
These corsesponl roughly te CiiPese.. beaaiteas GF botia. 2otgiur as. Batter 


les: 32 fresilacr depratat es veh. Tha avernas batte leas crayon and their 


a 


vuvdance VS. prociuc segple, froqucacy, and Jess cizsn uscd in the presen 
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preciciion nete] are piven ia Figme 65. 


(S) Is the detection of subterscd sulrrarines the radiation oF sound Trex 
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a source within = fee hurdsed fect ef the surface is GF prine cuncern. Figures 


z 74 ard 76 presen c seuphing OF some save enitted freu tke source at cuz! 


a 


angular Intervals. Ther s)ous.rete propacstion in Moditerrancan vinter frei 


source a feow deep. Recring in rind thrt the seperation of neighboring socnt 


rays is epproxictely inversely propartien:) i9 the intensity, sany regiens of 
reat Intensifjcatien can ke seen. The wos? intense sound cceurs in repions 
£ < 


vhesre the exessiag rays fers: Jenn sweoth curves cztled caustics. It is usetai 


” 
ry 
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to inerine a sensor such as an array tened at, say 1600 feet. The traassissio: 


Joss clong this fine, commuted frost rey theory, is piven in Figuve 72. The . 


shaypaess of the pesk of intensity at the caustic is striking. Wt can he 


i Ghscsveds Gn the acess vider the viphi cus *ivienms. Muni..., ax vili be discos: 
belec, there are severe) other jnflvences tiat alsa produce intensity peaks 


ane sti}} ethers that tend toe blunt the sharp ceasiics Jvustrateé kere. 


Kevertheless, if = chaice is presented, 52 3s alvays best to pince the rrrsy 


where the mxnens moder of cousties Edn! be encemtercd. Transnissien loss 
WET he JekSt Jas stich reejens. 
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@) fs the setsons progress fret: vinies (6 sti.cr, the stufuceu vciussn u 


re 


the Hediterrancan gre keonted productiag < Jnyer of warn water (high sound spoed) 


near Uke serface belles chich both tenporsture end sound speed dserense te & 


a 


epth of shout S00 feet. Felow 500 feet the tenpornivre Is relatively constant 


$0 that sem velocity increases with depth jn response te Increasing pressure. 
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sound speed. Figure 4-5 


aud eceur approxizately every 12-26 nile: 


fence Tous 


a 
od 


i} 
=o] 
£ B- 
Biot 
& ‘| 

te-3 

3 

LF 

L 

ry 


Cargernecnce 


shoks resions of hie 


fevcnces Getucck Uns witter ad swmier profiles 


sound is 


Jersreez 


esaree 


-20. 


Car nucd. 


Chere}amt its depth of 
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SUCHET 


if sefficicent depth of water exists. The veciirrence Cf contergeac’ Zones in 


Gi(fennt sussons in chown in Pisnecs OF Uhseugt) 73.0 The ser amtensity ary 
he dneressed by a fi ter ss rach es ton to s hundred in such tenes. In anv 


cuse, they are soncs of xarhed intensification and are well voerth using in 


(UW) Oac nave ingeriant foxture of sound refrzctionw in the ecean is the 


<i 


Vinitation on the harisonial range thet cm be covered bw og siveic batten 
reflection. VFaths having a Jarpe gracing enete strike the hatte: and return 


to the surface et carpsratively shart renge. As the path becaces Jess steep. € 


2 point is resehed there yveys recurve before they strike botten. A single 


botron 2eMected ray fron this source con extend no farther the the rar 


hick is taugent to, but just misses striking Use bottom at the roint of 


reflection. Sinilarly, if tve hotter bounces are consic 


effective range ¥13] be exproxiuate}y doubled and se on. 


(S) Decpyater sound velocity Gata used in cousutetion of canverm nce 


Apetee sey 


ZO S Lere obtained frez vngeh3 sked dstz on file at the Geesnuzraphic OFF¥ ex 


ond Nathounl Cconnographic Pate Center. The sovnd velocity prefiles selected 


were considered to be the Lost representative dcop profiles available for cach 


Gac-Gearce: quadrvenple in exch season. here the sonic stractize eas not 


wnifern Ine Guadranzic, tre or nore profiles were selecied. Velocity predicts 
3 1 Y & 


belos the sound chaane} axis vere calculated Sor the profiles ‘by ten-deurce 

qundrangies for exch seasen. Werever, near GibrsMer the erslicats vere se 

Verjailc that ther vere calculeted for cach profile, The nrerace depth: ves ’ 
exievlated for ont-eceree avadrangles. Renses vers cenpoted by uting pert incat 

sound velocity ane dcpth cuts. Kesic assingiten US were that * Fiat Lelic 
extended beiveen the source and the receiver and thst there cas ne oppreriabie 
herizonte) variation of somd velocity. Convergence zone culctiations cout 


net We peste for Fal} decouse of jusufPrcient detz. Copstergente 26te tp ansni aston 


fenerably docs cat aceur in vinter. 


~e wee —~ 
me ernie e 


(S} Reng . te the immer nurpin ef the tons of ceavaipedace dn spring 


(Figure 59) vary fron Jess then 1° Lilover!s seutKcest of Gresce te mare then 

35 kiloywds east of Uhe Esjerric Fsdunds. dn sirs.cr (Firwre 62), these 

ranges vary betuece 30 aud 45 bileyanis thresgheut nest of Che Hoditerrancan. 

these differences are ecrouuted fer by the pronovaced nepative. near-surface 

gradients “hick produce extra yelrastion af the yey paths in the upper layers, 
(UH) the depree of certainty of eccurresies of cauvergence zone Lrans- 


issjon is very much Sepicent. cn -deytk excese. The depth excess is the 


fe} 


eiffercace botucen the hatte. Conthe and the depth where the near-surface 
NAXIvun Velocity Peanpee s Lolo: the sound cheane! axis. The arenter the 
Gepth excess, the greater 3s the prohanility of convergence zone Sorvation. 

(S) One rcthed of catineting che prebzbility af ceaverpence zone 
foreation indicates thet if 2 centh excess variability of 360 (sthous Is assuuci, 
then an average depth excess af prester thon 608 fatlees resvlis ia a probability 
of convergence zone eceusrente of greater than G5 percent and assures relishic 
transnission. Where the averegs depth excess is heivcen 420 and 60@ fcthuzs, 
the probability of occurrence is between 75 sd OS percent and thas transnission 
wie js likely. Convergence zene transaission 3s wertine] ekere the everarc 
eepth excess is Jess then 4€9 fathous, and the pichsi:ility of occurrence is 
Jess then 75 porcent. 

(S} The surface inseaificstion jntervels represent the differsace Petecen 
the raripe te the convergence zone and the range of tie rey ehick just grezed the 
boitaa and returns to th: surface. The surface insonification tutervel is 
substantiaily wider in serine then in sumer. A result of the increased surface 
heating in susser produces the lenner yange to the convergence zone wad thereby 
Fecuces the insenified interyn}. Jn spring the interval varies fron jess than 
3 Lilevards to gronter than 46 kilorants, and jn suecer the interve! varies frou 


Jens tha: 3 kijerargs to core than §5 ki levecis. 


«22- SECRET 


* 


SPORL 


(S) Jn the Mediterrznens as elsevhere dn the oc.ims, the tes feu tens oF 
@ hundred feet noiy be mixed to i vadios. ton, veatur. Sound Poa a sored with- 
in such a layer is transeitted by recurving, at depth and yell wting Crom Uhe sicface, 
Dhis laver is catied either the surface winced iryer cr the isathesee) Jayer. 
3s a Sound channe? and can be ea efficient souad duct Sor Trequencies whose save 
Jength gs a se2)) fraction ef the thickness of the Tarver. In the Mediterranesn, 
this layer is 30 to G6 ftet thick Jn susnner. Most frequencies evoyed jn 


? a2 sy - 


Jong sanee eetection Jezk rapidly ant of this su-face duct and it is of little 


e fer toued arveys in the Nediterrancan. : 
(U} In secery, the sound u33] either reflect fre the surface ov 
bottoa, or it may be refracted prior to stviling citner imerfsce. 4 
(S} The total scund intersity received by an omnidirectioan) senseur is the 
sia of all the paths that reach the sensor. A prediction neded mest seccount for 
then all. The various psihs are: j 
fy] 
3. Direct (very short cistences only). ? : 
- d 
2. Rottoa reflected by one ov rere hatte: bevaces, but incleddny 431 ; 
combinations 6f surface ané hotter reSiccticn. If tums out that relicble i ; 
predictions are nat achieved uith Jess then 7 or & bottoz reflections ner 160 . : 


giles, and nore nay be required. 

3. Surface duct. Contributes little to Jong razge detectian (over 
100 xiles). 

4. Converrence zones. Inpertant contributor, especiciiy in the 


Hodjterranenn. 


5. Besp sous! channel paths, reflecting zedther fran surface nor “ 

: : : “ 
4 1 

: = e: s A 

botien. The receiver ant souvce nust both be ckthin the sama chanel fer use of . 


5 


these paths. a 
6. In vinter, paths 35, 4 and 5 are repisess by the half chanacl - 


uhone avis is sf the surface overs mech of the Mi diterrancan -(Fizare AC). 


3 


te Lewes are rarely individvally identifiable, but caustics oF Uke 


winter half chanuel provide ceges of intensification. 
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(S} The predictaon wade) nos in Gporstivn st the Flat Nocoafes) Nesther 
Centred, Vontorer, Calife ofa triees the HESEETIGY ays Pee och tepy of prth 
and coppuies the cazrespoadin 


s jutensities Syoucthe specine of the rays. 
Rotion reflection takes piace $row a vods} betion that approxinates the know 
bathyactric profile. The xadel respotds to horizenta) chases in the vertien? 
sound speed structure of the unter. When al) the imfividue) path intensities 


ave heen computed, the commuter gdentifies ali the pe<hs that are sunerimesed 
) ? 2 ¢ J 


along the transnission treck at the Gepth essused for the arrey. The correspon. 
ing intensities are added tarcther for PRES every half wile sjong the tyack c 


te the Hintt of the computation, thus providing 2 complete prediction of 
trausnissien Joss sloag the chosen track end depth. Koties reflections anc 
convergence zones fro: a shallox seurece ot short range con he recognized by their 


shape as is shoim jn Fisure A-2t. 
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Biicesity Gua s Febles SEES & gree) decaeese ch tan sia deun a: the 
cde, af the (iret aor is 3eft. Yen for in interczt, the seeund boties 
reflection do; inrics uatil the second converesnce zone is caterce, and so on 
as sugeested in Fisuwice A-3G. The sncecessive céaverpence aenucs brosden in 
propoction to their ordinad moss util they overlap. at greater ranges, the 


CORTST ESE 2° Re 


Feading cuce 


ay Fore 


poaks} yises ahove the genese3 level. Non the e¢ Jies vel? cithiy the 
Sound chaz.) gid the roeckver is not at veer siavJow denth, these feoivres ‘ 
just described ure not obvious snd the preticiion curve, theugh it aay be 
jeppec, cannot readily be inakyzed inte individie.? types of path. 
TRANSISSION LSS 
. 

(S} Figurcs 67 toe 72 are 2 sci Of previcticns representing loss st 26 é 
and 390 Hz io be anticipates fer various sourcef/recciver conbineticns in suser 
amd 53 “intor $n the Felearic fiesin, jn the Jerien See end am the Leventine Posie. c 


The path stracture fer wear oF the curves con be Featit. 
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A class 3 botton ves assivmd ms the b 


Figurs A-10. 


ae 


tien reflectivity For 2]} three asens. 


the Felearic Sea < 


gta by coapzrisen vith 


This essucption is pessinistic for 


our > * 


Single Cesigucier ef 


cre the besin floes is secath and as excelent reflector 


Thy seaisn anc Levantine reeioas Love a pincrally rouzn Theos, but vith som 
smooth Gros. 
(S} the evrlity cf these precictians has heen tested by cocpsring thea 


vith two series Of trens:iss}on measurencnis dcrived fron explosive comme sevrees 
i 
in the Kelearic ond Josten Sczxs (Figure 73}. The cozparisoas are not exect 
hocuuse the crasuresenis core mede in 173 octers bands 2t 55, 103 end 286 He vherons 
the pregictions ecre ucde for 69 : one 300 I, Mevertheless, the difiererees 


TSS, 


amestvisted vith such frogs scien fre peaceably x. it cseept von Uno Go daeisl 


a 


travssiissies ds vrefoecet by Che botae: The weakest OF pessvrct cmt hes been 


tharergily tasted. fhe obscaac? petnts ape copra. d (Figure 73) with the moszest 


azy gil sere. tad receiver Cugihs. dhe nersared 


as 
3s 


ai short rangas. Vhere, Che nssured levels ase higher Usa the predicie? ones 


by Cifflercatl seoumts up te S er Gar. this discrepancy voy bo duc i: pert te 
¢ 2 3 . 


are probaly Gus to linen deficiencies of the vey made} suck is Feflure U6 zeceuni 
fer sews! stutteiins or diffractics. Thile sot an exhaustive test GF Uke neze?, 


the heasurevents suarest it is vi352 to vithin 2 fee dh in average Jeve? ant 


thet it seecessfzlly predicts the level of the joaks. 


(5) For reasens ie be cxpiecined lanier, it is recozsended that for fest * j 
te 
Gctection, tound arrays be saintcined ncar the central ond decpest poris ef the rH 
besins. The prodictiens of Ficure G7 ie 72 vere wede for such Jocations und sre 
Rot Cesszued for ust elsruhere, Jor cxanpic, over shallow sioses or in the j 4 
x 
severa? gradausdly shealing trenches Jeading inte tke besins. ; 


tow 


(S} Figure 77 presents the posh levels Gini. triascissien Jess} fer 


G He ct a yvanse oF 209 wiles for ald the prediciiozs oF Figure G7 io 72. 
Siutlarly, Figer¢ 77 vresenis the erithectic wien of the greatest zad Icest 
trensxissien Joss nexr 20 wiles. In the absence OF extensive traur.cissiea stn 
for tise HeHivrraacaa, the essveytien is nade that averase Jevels cid) approxismte 
these of Ficure 77 but thet pools as high as these of bFicere G7-72 cil} be 
served. The Faiter sssezptiion is Use weaker. Fron the average transi sxion 
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loss Gf Fiyure 77, the seurce at 69 fz. depth is secon to have generally higher 
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fesses hg shan 4 te 7 dh then the Er feat scarce except fer a shalius (89 foot) 


sensor in swrosiuy fer Ter ane sensor epi gs the winter}. The resuris fer any 
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(S}) Severe? Jeary: nerve culiyniuts such as Un pul’ beivecn lor clon 


fri. 2 she! 


lesage Usdsads shed pr. ducdly aver fre. the dig bisin. Sauaad 


Joe terpet is trausriticoe kittor deuaslope than upslepe. There- 
& i ; 


fore, the preger nosition for the array for hest surveillance is near the 


ce 


cemter of 


the cbercent, preforsh3y alsa near the Cveper end. Sone experi- 


ae 


Heniation with this possibisiiy is incicsted. 


(UU Predictions oF transvissien Jers jn the det basins of the 


renesn Sez 


ra 


(except the Tyrhenniza Sez} hevo boo: furnished. Cisris sliowjiue 


ere the predictioas apply f:: sustisr end winter are pivea in Yisure 77. 


(S) The everage transnfasiin less incresses 3 dB for cach doubling cf 


the ren beyond ebovt £0 uijes. Yor poriscope cesth targets, transiission 


Joss is higher by 4 to 7 @8 thee fer dcupes tarects. hese Josses cre hishe 


soond in the exstes Hediterrsicsn. 


Rey acsimi te 32 to 66 db st 


Zu® sijes for GO Ec. In vinter, the iransrissiin loss for the tarpet at 66 i 
F 
Soot depths dees not exeecd 92 dh and cay be considerably Jess at 200 niles. : 
(S}) Freasission lasses for tarpeis st depihs beiscen 206 ait $00 Teot 
prodzhly' cif} mat exceed 93 dR af 20% 2iles in any scasens vith proper erray i 
Gapth. Useakly losses et this ruse for such targeis vi}] not exceed £8 dF . 
at 65 Ik. 
(S) The besis for inierpretation js provides! hy cocnarisen of sone of ; 


loss excep 


trons vith nessuresenis rade under somechat ssuilar conditions. 


jis cithin 3 te 5 a or better vith the prediciions keving higher 


i here the agrceeuent gs vithiu 0 to 2 dh. 


() A practice of tecing the arrey at SO feet is reconmeled, with az 


aggressive 


target cept 


Csapuigh te comp2re Unese sesvlis chin hoth shollocer and deeper 
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te 


- Wheir chaice shozid depend on sont Mnosledss cf 


Lh. ¥t bs xleays aa ccoustic advamtent te tow at the devih ef tks 


target even thiezh this practices ray net be desitakto Jor reasons ef snfetr. 
HO apprar. thsi Uhesve 3s Fitise aevantape iG tecabp St preat cept, “ith the 


Gh piiea Unt depths ef chug. 4650 ie 2G fees noy Be styaalipedate ope dined 
woprciscuge Cepth tropet. 
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CU) ASG cRT najse in the orezn is the stm OF sounds feo shippine, 


Weathor-indered envi roises, ruestiy he noise of bre. king vores, Yasue or 


hail on the weiter, scosnic distuvlences, onjiad sevnds, dadustrisl neise at 


sh order of dosinzace in generat. 
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(LRAPP) DOCUMENTS 
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Encl: (1) List of DECLASSIFIED LRAPP Documents 


: 1. In accordance with reference (a), a declassification review has been conducted on a 
number of classified LRAPP documents. 


2. The LRAPP documents listed in enclosure (1) have been downgraded to 
UNCLASSIFIED and have been approved for public release. These documents should 
be remarked as follows: 


Classification changed to UNCLASSIFIED by authority of the Chief of Naval 
Operations (N772) letter N772A/6U875630, 20 January 2006. 


DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is 
unlimited. 
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